Some actions of Org NC 45 have been assessed in a pilot study in anaesthetized patients and a comparison has been made with pancuronium under the same conditions. Fourteen patients were studied, their ages ranging from 28 to 65 yr. Ten patients received Org NC 45 and four pancuronium. Only patients ascribed to categories 1 or 2 of the American Association of Anesthesiologists' classification of fitness were included, and care was taken to ensure that they were not receiving any drug therapy which might influence the study. Informed consent to the investigation was obtained from all patients.
All the patients were premedicated with papaveretum alone, approximately 1-1.5 h before anaesthesia. An i.v. infusion of Ringer's Lactate solution was established. Anaesthesia was induced by droperidol and fentanyl i.v. followed 3 min later by a sleep-dose of thiopentonc; it was maintained with nitrous oxide and oxygen, supplemented by intermittent doses of fentanyl.
Thereafter, the patients were divided into two groups. In group A, the larynx was sprayed with 4% lignocaine, the trachea was inrubated and controlled ventilation was facilitated by the use of fentanyl. The patients in group B were maintained on spontaneous ventilation using a face-mask.
The patient's right arm was extended on an arm-rest and the muscle twitch of the adductor pollicis muscle recorded by means of an Ether U.F.I force-displacement transducer connected to a Devices pre-amplifier and recorder unit. Supramaximal stimuli at a frequency of 0.1 Hz and duration of 0.2 ms, were applied from a Grass peripheral nerve stimulator via needle electrodes placed close to the ulnar nerve at the wrist. The heart rate was recorded by a Roche 105 E.C.G. monitor throughout each study and the systolic arterial pressure was measured in the usual way by means of a standard sphygmomanometer.
When the control muscle twitch height had been recorded, the patients in group A were given a dose of relaxant which was predicted to produce approximately 90-95% blockade. The precise time of the injection of the drug into the fast flowing i.v. drip was noted and the twitch height recorded throughout the duration of blockade.
The group B patients received a dose of relaxant which was two-and-a-half times that of the 90% blocking dose. Laryngoscopy was performed after 1.5 min, the precise time being noted, and the intubating conditions immediately thereafter were assessed according to the classification described by Lund and Stovner (1970) . The muscle twitch was recorded until 100% blockade was established and thereafter the recovery of neuromuscular transmission was followed by the train-of-four technique (Ali, Utting and Gray, 1971) .
From the small number of patients studied ic would appear that, in approximately equipotent doses, Org NC 45 has a somewhat shorter duration of action compared with pancuronium ( fig. 1 ). There was no evidence of tachycardia with the new compound. Table I shows the results from the six patients studied in group A who were given a dose of relaxant which was predicted to produce approximately 90% depression of the evoked twitch height. As would be expected, however, some degree of variation in the individual sensitivity to neuromuscular blocking drugs was evident. Pressure on surgical time did not permit us to follow patients No. 3 and No. 5 to 100% recovery of the twitch height. The prolonged time interval (8.59 min) from onset to maximum blockade in patient No. 4 could be explained by the fact that the initial dose of Org NC 45 0.03 mg kg"' produced only a 50% depression of the twitch height and an additional dose of 0.01 mg kg"' was required to increase the blockade to 88%.
As a result of the group A study and from previous experience with pancuronium, doses of Org NC 45 0.075 mg kg"'and pancuronium O.lmgkg" 1 respectively were selected as representing two-and-a-half times that of the 90% blocking dose and were administered to the eight patients in group B. At the end of the operation the residual neuromuscular blockade was measured using the train-of-four response, noting the time of the recording and the ratio of the fourth twitch to the first twitch expressed as a percentage (table
ID-
Three of the patients in this group, their train-of-four ratio having spontaneously recovered to 90% or better at the end of anaesthesia, were judged to require no neostigmine. Fortythree minutes after injection of the relaxant, patient No. 6 showed a train-of-four ratio of 92%, neostigmine 1.25 mg having been given 2 min previously. On administration of the same dose of neostigmine to the other four patients, complete recovery of the train-of-four ratio was recorded within a few minutes. Figure 2 shows the absence of tachycardia on injection of an intubating dose of Org NC 45 (0.075 mg kg" ') and although a transient reflex increase in heart rate was seen at the time of endotracheal intubation, within 3 min the rate had returned to approximately 60 beat min"'.
From previous experience of pancuronium and our limited results so far, it would appear that, in the anaesthetized patient, Org NC 45 has a potency of approximately 1.0 to 1.3 times that of pancuronium. The neuromuscular blockade produced by Org NC 45 has a more rapid offset than that of pancuronium in equipotent doses and the blockade is readily antagonized by neostigmine. Unlike pancuronium, Org NC 45 in neuromuscular blocking doses within the clinically useful range, does not appear to produce tachycardia.
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We wish to acknowledge the technical assistance received throughout this study from Mr Jim Walls, Chief Technician, and his staff. Org NC 45 was used in 27 adult patients of ASA classes II-IV undergoing cardiovascular surgery who had no signs of neuromuscular, renal or hepatic disease. The cardiac patients were studied during the pre-bypass period only. All patients received atropine 0.01 mgkg" 1 , triflupromazine 20 mg and pethidine 50 mg i.m. as premedication. Anaesthesia was induced by thiopentone, fentanyl and droperidol i.v. according to individual requirements. Trachea! intubation was performed either under topical anaesthesia or after relaxation with Org NC 45. Anaesthesia was maintained with increments of fentanyl 0.1-0.2 mg under mechanical ventilation with equal parts of oxygen and nitrous oxide. Neuromuscular transmission was monitored by the evoked compound e.m.g. of the adductor pollicis muscle (Lee et al., 1977) . The ulnar nerve was stimulated by train-of-four supramaximal square pulses 2 Hz for 0.2 ms, 30 s apart. The tracheal tube was inserted at the rime of maximum neuromuscular blockade as displayed by the e.m.g. The e.m.g. tracings were evaluated by expressing the first compound action potential of each train as percentage of control, which provides the same information as single twitch recording, and the train-of-four ratio (T 4 ) which gives the fourth action potential as a fraction of the first one of the same train.
After Org NC 45 0.075 mg kg"' there were always smooth intubation conditions although movements of the p'atients' hands or fingers were sometimes observed. There were no significant changes in heart rate and arterial pressure.
The results for onset and recovery are given in table I. The time of onset, the amount of block and the duration to 25% recovery were dose-dependent. The mean 90% blocking dose was 0.06 mg/kg body weight. In all dose ranges increments of the full initial dose at 100% recovery of the twitch response were followed by only moderate cumulation. This was shown by a more rapid onset of action and by an increase of both the amount of block and the duration to 25% recovery. Increments of one-fifth of the initial dose at every 25% recovery created remarkably constant recovery patterns almost without any signs of cumulation. One representative case of each type of incremental dosage is illustrated by figures 1 and 2.
The effect of neostigmine on the recovery from the neuromuscular block produced by Org NC 45 was tested in four cases. The resulting recovery indices of 6+1 min were significantly less than the control figures shown in table I.
The place of this new drug can only be judged in comparison with other available neuromuscular blocking drugs. This is not yet possible in statistically significant terms. However, we have reviewed more than 100 unpublished cases using pancuronium in the same type of patients. A comparison shows the mean 90% blocking dose of pancuronium to be 1.3 times that of Org NC 45. The time of onset by pancuronium 0.075 mg kg~ 'is 1.4 to 2 times longer and both the duration from the end of injection to 25% recovery and the recovery index are almost three times longer than the corresponding parameters for the same dose of Org NC 45. Additionally, the variability of the effects is less with Org NC 45 than with pancuronium. Since the kinetic parameters of all other non-depolarizing muscle relaxants of clinical significance are more or less within the same range (Buzello and Agoston, 1978) , Org NC 45 represents progress towards a more rapid and short-acting drug. Thus Org NC 45 may be used with particular advantage in surgical procedures of short or intermediate duration. The relatively low variation in individual response, the low tendency to cumulation, the relatively short recovery index, and its easy antagonism by neostigmine enable the anaesthetist to maintain neuromuscular block until nearly the end of operation. Additionally, the drug appears particularly appropriate for patients with cardiovascular disease. Even though it is still far from being the "non-depolarizing suxamethonium" as desired by many anaesthetists, it will certainly fill a gap in our neuromuscular armamentarium if these preliminary findings are confirmed by further clinical studies. It is well known that potent inhalation anaesthetic agents increase the neuromuscular effects of muscle rclaxants (Foldes, 1959) . The influence of various inhalation anaesthetics on the same drug (Miller, Eger and Way, 1971) Eight adult patients (ASA classification I and II) were premeditated with dropcridol 5 mg or diazepam 10 mg administered i.m. 30-45 min before, and with fentanyl 0.05-0.10 mg and atropine 0.4-0.6 mg injected I.V. immediately before, induction of anaesthesia. Anaesthesia was induced in six patients with additional droperidol 5-10 mg, fentanyl 0.1-0.2 mg and a mixture of nitous oxide 6 litre and oxygen 3 litre; in two other patients anaesthesia was induced with thiopentone 250 or 350 mg followed by fentanyl 0.05 mg and the same nitrous oxide-oxygen mixture. Additional 0.025 to 0.05-mg increments of fentanyl were administered until the respiratory rate decreased to 12 b.p.m. or less and the patients did not react to auditory stimuli. At this time needle electrodes were inserted near the ulnar nerve at the wrist. The nerve was stimulated with a constant-current nerve stimulator (Model Z-200-M, Rule Medical Instruments, Inc., Pittsfield, Mass.) delivering 0.1-s trains of 50 Hz supramaximal impulses of 0.2 ms duration, every 10 s. The evoked tension of the adductor pollicis muscle was recorded using a Grass FT10 transducer and a Brush recorder. Once the response of the muscle became stabilized the patient was given suxamethonium 0.6 mg kg" ' and the trachea was intubatcd 1 min later. After the tension returned to its control value, Org NC 45 15-20 ^g kg" ' was administered i.v. to four patients and a steady state of about 50% depression of contractions was maintained by the appropriate i.v. infusion of a solution of Org NC 45 50ugml"'. Then 2% halothane was added to the nitrous oxide-oxygen mixture for 5 min followed by 0.5% halothane for 10 min. Fifteen minutes after the discontinuation of the administration of halothane the i.v. infusion of Org NC45 was also discontinued.
In two other patients an approximated depression of contraction of 90% was induced with a 20 to 30-|ig kg"' i.v. dose of Org NC 45 followed by a continuous infusion of a solution of Org NC 45 50 ug ml"'. After the development of the steady state the infusion of Org NC 45 was discontinued and when the tension output again became stable for 5 min, 2% halothane and thereafter 0.5% halothane was added to the inhaled nitrous oxide-oxygen gas mixture. After 10 min of 0.5% halothane Org NC 45 5-10 |ig kg" 1 was injected. This was followed by the infusion of Org Nc 45 50 ug ml"' at a rate required to produce the same degree of neuromuscular block that was obtained earlier without the inhalation of halothane.
In two other patients, who in every other respect were managed identically with those of the first halothane group, the influence of the admixture of 4% enflurane for 5 min and 1% enflurane for 10 min was determined. Figure 1 indicates that the about 40% steady state neuromuscular block induced by the continuous infusion of Org NC 45 increased to about 60% after the addition of halothane.
The difference between the degree of neuromuscular block before and during the inhalation of halothane was significant at the 1 % level. Similarly, figure 2 demonstrates that the i.v. dose of Org NC 45 required (ug kg"' h"') to produce an about 90% steady state block was 25-30% less during the inhalation of halothane than before. As shown in figure 3 , the about 30% steady state block produced by the continuous infusion of Org NC 45 49.71 ug kg"' h~' increased to 75% during the inhalation of enflurane. A similar result was found in the other patient.
The potent inhalation anaesthetic agents, halothane and enflurane, potentiated the effects of Org NC 45 as they do other non-depolarizing neuromuscular blocking drugs. In about anaesthetic concentrations enflurane increased the neuromuscular effects of Org NC 45 more than halothane. The findings presented suggest that in patients anaesthetized with halothane or enflurane, the doses of Org NC 45 should be about 25 and 45% smaller than those used with balanced anaesthesia. We have used Org NC 45 in 40 patients. It was given in short surgical procedures and the time course of its action was assessed clinically. The routine monitoring of the patients included arterial pressure, heart rate and e.c.g. The anaesthetic technique was either an induction with thiopentone followed by enflurane in nitrous oxide and oxygen or flunitrazepam and fentanyl in nitrous oxide and oxygen. The patients were intubated 2.5 min after Org NC 45 0.07 mg kg"' or 1.5 min after 0.1 mg kg "'. The intubating conditions were satisfactory. In 20 cases the operating procedure lasted less than 25 min, so that the effect of one single dose could be observed. After Org NC 45 0.07 mg kg"', extubation was always possible 30 min after injecting Org NC 45. Spontaneous respiration was adequate and all patients were able to lift their head without needing neostigmine. Forty minutes after injection of Org NC45 O.lmgkg"' spontaneous respiration was also considered clinically adequate, but the patients were unable to lift their head. This residual curarization was always antagonized easily by the adminstration of atropine 0.5 mg and neostigmine 1.0 mg. No effects on arterial pressure and heart rate were observed which could be attributed to Org NC 45 and no allergic reactions occurred in this small series of patients.
Since the introduction of Org NC 45 into our clinic we have studied its action in 12 patients in whom twitches of the adductor pollicis muscle were evoked by stimulating the ulnar nerve through subcutaneous needle electrodes connected to a stimulator delivering stimuli of 0.2 ms duration at a frequency of 0.1 Hz and supramaximal intensity. The twitches were recorded by means of a Statham force transducer (UC 3) attached to a device that was taped into the hand of each patient. All patients were premedicated with atropine 0.5 mg and Thalamonal (droperidol and fentanyl) 1.5-2 ml. All received a "balanced" anaesthetic; after induction with thiopentone 200-250 mg i.v. they were ventilated with a mixture of nitrous oxide and oxygen, and fentanyl 0.05 mg kg"' and droperidol 5-7.5 mg were administered. During the course of the anaesthesia fentanyl 0.1 mg was administered every 30 min. Volatile anaesthetics were not used.
Eight patients were intubated with the aid of suxamethonium 1 mg kg"' and when the effect of suxamethonium had worn off, Org NC 45 was administered either in a dose of 0.07 mg kg"' (four patients) or in a dose of 0.1 mg kg"' (four patients). In a further four patients, suxamethonium was not administered, intubation being carried out with the aid of Org NC 45 0.1 mg kg "'. In all 12 patients, one or more maintenance doses, each initially of Org NC 45 0.02 mg kg"' were injected subsequently. The time courses of the effects of Org NC 45 in the 12 patients are summarized in table I.
In all patients to whom Org NC 45 was administered, kidney and liver functions and electrolyte values were within normal limits.
In general, we concluded that Org NC 45 had a medium rate of onset of action and a consistently short recovery time. The duration of its effect, as with other neuromuscular blocking (patients 5 and 10 of table I ). The control twitch amplitudes are indicated by the vertical lines on the left. The effects of maintenance doses (all of Org NC 45 0.02 mg kg"') are illustrated. In the upper records (patient 5) the effect of the second and the onset of the third maintenance doses are shown. In the lower records (patient 10) the effects of the fifth, sixth, and seventh, and the onset of the eighth maintenance doses are shown. Note that the block produced in patient 5 (upper) was about twice as long as that produced in patient 10. Note also the lack of cumulative effect evident in the lower record. The time calibration is 1 min.
Records from a patient to whom both Org NC 45 1 mg at N and pancuronium 1.5 mg at P were administered. Note that, for approximately equal degrees of block, recovery from Org NC 45 was considerably faster than that from pancuronium. The time calibration is 1 min.
drugs, was variable. The variation in the duration of block in different patients is illustrated in figure 1 . Both patients were of the same age group and both had undergone laparotomy. In each case, the recordings shown were made about 1 h after the commencement of the operation. The body temperatures were 35.2 ° and 35.5 °C measured with a nasopharyngeal probe. Another facet of the action of Org NC 45, lack of cumulative effect, is also illustrated by the lower record of figure 1.
In one patient we were able to demonstrate the differences in the time courses of action of Org NC 45 and of pancuronium given in equi-active doses. The results are illustrated in figure 2. Org NC 45 was injected both before and after pancuronium. Recovery from Org NC 45 in this patient was about twice as rapid as recovery from pancuronium.
In summary, tie limited number of observations suggest that Org NC 45 is about equipotent with pancuronium, it has a medium rate of onset of action, a relatively rapid rate of recovery, and a rather variable duration of action. Little cumulative effect between doses is evident. No cardiovascular side-effects were observed.
ON ORG NC 45 AND HALOTHANE ANAESTHESIA

Preliminary results
J. VlBY-MOGENSEN, B. C. J0RGENSEN, J. ENGBAEK AND B. SSfRENSEN
Department of Anaesthesia, Herlev Hospital, University of Copenhagen, Denmark
Animal experiments suggest that the new neuromuscular blocking agent Org NC 45 has a rapid onset and a medium duration of action and is without cardiovascular sidt-effects. The main purpose of this pilot study of Org NC 45 was to gain an impression of the drug's neuromuscular and cardiovascular effects in normal adult patients anaesthetized with halothane.
The results presented here are preliminary, as the study is still in progress.
Informed consent was obtained from 11 healthy adult patients (five females and six males, aged 35-65 yr) undergoing minor surgical procedures. The patients were premedicated with diazepam 0.2 mg kg"' orally 60 min before induction of anaesthesia with i.v. injection of thiopentone 4-5mgkg~'; suxamethonium 1 mgkg" 1 was given i.v. to facilitate intubation. Anaesthesia was maintained with nitrous oxide 3 litre in oxygen 3 litre and halothane 0.5-1.0% inspiratory concentration according to the need of the patient. Ventilation was controlled using a Monoghan ventilator delivering a minute volume of 120 ml kg ~ ' min ~ '.
The ulnar nerve was stimulated electrically at the wrist through percutaneous electrodes connected to a Myotest stimulator (Viby-Mogensen et al., 1980) . The adduction force of the thumb twitch was measured by a displacement transducer (Statham UC 3 (gold cell)), and recorded on a Gould Brush 220 recorder. A series of four supramaximal single stimuli (rectangular pulses of 0.2 ms duration) were applied to the nerve at 2 Hz for 2 s every 12 s (train-of-four) as described by Ali, Utting and Gray (1970) . When the response to train-offour nerve stimulation was stable, the height of the first twitch of the train was taken as the standard control (control twitch height).
When "stable halothane anaesthesia" was established 20-30 min after induction of anaesthesia, Org NC 45 0.1 mg kg ~ ' was injected over a period of 10 s in a fast running i.v. infusion.
The onset time (time from the end of injection of Org NC 45 to total disappearance of the twitch response), duration of action (time to first reaction to stimulation, 10% twitch recovery and 50% twitch recovery) and rate of offset (25-75% recovery time) were determined from the train-of-four recordings. In six patients the neuromuscular block was antagonized with neostigmine 0.02 mg kg" ' (if needed, twice) preceded by atropine 0.01 mg kg" ' at 10% twitch recovery. In five patients the block was allowed to wear off spontaneously.
Heart rate and arterial pressure were recorded every 5 min during the whole procedure and every 2 min in the first 10 min following the injection of Org NC 45. E.c.g. was continuously monitored. Systolic time intervals (four patients) were determined from simultaneous fast-speed recordings of the e.c.g., the phonocardiogram and the carotid arterial pulse tracing (Weissler, Harris and Schoenfeld, 1969 ) before induction, twice at "stable anaesthesia" before injection of Org NC 45 and Table I «hows the onset time and time to first reaction to nerve stimulation following Org NC45 0.1 mgkg" 1 . For comparison corresponding figures for pancuronium 0.1 mg kg"' and suxamethonium 1.0 mg kg"' have been included in the table. (The doses of Org NC 45 and pancuronium are not equipotent: Org NC 45 is probably 1.3 to 1.5 times as potent as pancuronium in humans.) Mean time (and range) to 10% (n = 11) and 50% (n = 5) twitch recovery were 39.5 min (22.5-66.7) and 56.7 min (30.0-105.0), respectively. Mean recovery time (n = 5)was31.0 min(14.2-69.6).OrgNC 45 was easily reversed from 10% twitch recovery in all six patients given neostigmine. Mean time to 100% twitch recovery was 10.5 min (range: 8.2-16.6).
There were no significant changes in heart rate or arterial pressure following injection of Org NC 45, nor was there any decrease in myocardial performance (table II) . Increases in PEP and PEP/LVET denote the presence of diminished left ventricular function. Decreases in PEP and PEP/LVET may indicate a positive inotropic effect (Weissler, 1977) . The increase in PEP and the increase in PEP/LVET when halothane was added signified the well-known myocardial depression caused by the anaesthetic agent (Rasmussen and Sfirensen, 1975) .
The mean end-tidal halothane concentration at the time of injection of Org NC 45 was 0.5 vol% (range 0.3-0.9). The smallest and largest measured concentrations after the injection of Org NC 45 were 0.3 and 0.9 vol%. Mean Pac Ol was 4.7 kPa (range 3.8-6.1) and the range for pH was 7.34-7.48.
Although we have had the opportunity to investigate only a limited number of patients until now, the results hitherto indicate that further clinical investigations are worth while. Org NC 45 seems to have a shorter onset time and duration of action than pancuronium. The doses investigated (Org NC 45 0.1 mgkg'" 1 and pancuronium 0.1 mgkg" 1 ) were not equipotent. The possibility therefore exists that an increase in dose of pancuronium to 0.13 mgkg" 1 (equipotent with NC45 0.1 mg kg ~') may cause a decrease in onset time. However, an increase in dose would cause an increase in duration of action, thus making the difference in duration of action between the two drugs even more pronounced.
Our results also indicate that the remarkable cardiovascular stability following injection of Org NC 45 seen in animal experiments also applies to healthy adult patients.
